Introduction: There is lack of reliable mortality estimates in India about maternal, neonatal and infant deaths. As we move towards achieving the targets under Sustainable Development Goals, information on cause of death is essential to prioritize our resources and planning. Therefore, the present study describes the causes and characteristics of neonatal, post-neonatal and maternal deaths in India. Methods: The study analysed nationwide District-Level Household Survey-4 conducted by the Ministry of Health and Family Welfare, Government of India, in 2014. The household questionnaire collected information on the socio-economic characteristics of the household and deaths within the household, including neonatal, post-neonatal, maternal and adult deaths. Results: Of 1324 neonatal deaths, 46% occurred at home and 73% in the first week of life. Among 2032 post-neonatal deaths reported, 70% occurred at home. Birth injuries, low birth weight and neonatal infections were the leading causes of neonatal deaths. Acute respiratory infection was the most common cause of post-neonatal deaths, whereas excessive bleeding and pregnancy-induced hypertension were the common causes of maternal deaths. Nearly 39% of neonatal and 50% of post-neonatal deaths were either classified as others or could not be ascertained. Household characteristics such as use of unclean fuel, poor sanitation, poor drinking water source, type of house (kachha) and below poverty line family are associated with mortality. Conclusion: A high proportion of avoidable deaths still occur at home. These findings indicate the need for an efficient ambulance transport system, promoting health-seeking behaviour, better knowledge of danger signs and strengthening community-facility linkages. A more accurate verbal autopsy tool and proper administration of the tool are required to accurately ascertain cause of death and reduce the number of deaths that are assigned an ill-defined cause. 
preventable newborn deaths to <10 per 1000 live births by 2030-5 years ahead of the global deadline. Under the Sustainable Development Goal 3.1, the target for maternal mortality reduction is to reduce the global maternal mortality ratio to <70 per 100 000 live births by 2030. These targets need to be monitored through reliable cause-of-death information. However, still more than half of the world's deaths pass by undocumented as to cause [2] . Most maternal and neonatal deaths occur at home. With inaccurate vital registration systems [3] , the current estimates are beset with limitations. There are few studies reporting causes and characteristics of newborn and maternal deaths in India. These studies have limitations of small sample size [4, 5] .
We need reliable mortality estimates and their epidemiologic correlates to monitor the effectiveness of interventions and prioritize our resources towards the vulnerable groups. In this study, we present the causes and characteristics of neonatal, post-neonatal and maternal deaths in India and the socio-economic and household characteristics associated with these deaths.
M E T H O D S

Study design
This was a secondary data analysis of a nationwide District-Level Household Survey-4 (DLHS-4) conducted by the Ministry of Health and Family Welfare, Government of India, through the International Institute for Population Sciences.
Data source
Primary data from the fourth DLHS conducted in 2012-13 were analysed. The survey was conducted across 26 states and union territories of India (covering only the non-Empowered Action Group states) using a multistage stratified sampling design. A twostage sampling design was adopted with rural/urban primary sampling units being selected using probability proportional to size, followed by selection of households by circular systematic sampling. The details of sampling design, survey tools and data collection methods are provided in the survey report [6] . The survey collected information using four questionnaires, namely, household, ever married woman (15-49 years), facility survey and village. The household questionnaire collected information on the demographic details of the household members, socio-economic characteristics of the household and information on morbidity and mortality, including neonatal, post-neonatal, maternal and adult deaths.
Definition of outcomes
Neonatal death is defined as the death of a newborn on or before 28 days postpartum expressed per 1000 live births. Post-neonatal death is defined as the death of a newborn between 28 days and 1 year of age expressed per 1000 live births. Maternal death is defined as the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes.
Improved sanitation includes flush to sewer/septic/pit latrine, pit with slab, pit ventilation improved and composting toilet. Improved drinking water sources include piped water into dwelling, plot or yard; public tap/standpipe; tube well/borehole; protected dug well; protected spring; and rainwater [7] .
Data analysis
Data were imported into STATA version 12.1 and analysed. A descriptive measure of statistics such as percentage was used to describe the characteristics and causes of neonatal, post-neonatal and maternal deaths. Weighted analysis was performed to describe the cause of death. Multivariate logistic regression was performed to explore the socio-economic and household characteristics associated with neonatal, post-neonatal and maternal mortality.
Ethical approval
The Ethics Advisory Group of International Union Against Tuberculosis and Lung Disease, Paris, France, waived off the need for ethical clearance of this study.
R E S U L T S
A total of 1324 neonatal deaths were reported, of which 60% were male, 45% occurred at home and another 48% occurred at the health facilities. Around 14% of neonatal deaths occurred within first 24 h of life, whereas 73% in the first week of life. About 43% of neonatal deaths occurred in households below the poverty line (BPL), 45% of neonatal deaths belonged to scheduled caste/scheduled tribe (SC/ST) groups, 67% of neonatal deaths occurred in rural households and 50% of neonatal deaths were firstorder births (Table 1) .
A total of 2032 post-neonatal deaths were reported, of which 58% were male and 70% occurred at home. Around 22% of post-neonatal deaths occurred within 1-2 months of life, whereas another 42% lost their lives between 3 and 6 months of life. About 45% of post-neonatal deaths occurred in BPL households, 51% of post-neonatal deaths belonged to SC/ST groups, 66% of post-neonatal deaths occurred in rural households and 45% of post-neonatal deaths were first-order births (Table 1) .
A total of 215 maternal deaths were reported, of which 66% occurred at a health facility and 26% at home. Around 32% of maternal deaths occurred within 42 days of delivery, whereas another 31% died during delivery. About 38% of maternal deaths occurred in BPL households, 51% of maternal deaths belonged to SC/ST groups and 67% of maternal deaths occurred in rural households (Table 2) .
Nearly 39% of neonatal deaths were classified as 'others', which include ill-defined causes of death and those deaths whose cause could not be ascertained. Besides, birth injuries (13%), low birth weight (8%) and neonatal infections (8%) were the leading causes of neonatal deaths. Similarly, 50% cases of post-neonatal deaths were classified as 'others'. Acute respiratory infection (12%) was the most common defined cause of post-neonatal deaths, whereas excessive bleeding (13%) and pregnancyinduced hypertension (11%) were the common causes of maternal deaths. A total of 19% of maternal deaths could not be assigned a cause, whereas another 32% died due to other medical conditions not specified (Table 3) .
Religion, residing in a kachha house, BPL family, caste and poor sanitation are household and sociodemographic factors associated with neonatal and post-neonatal mortality. Use of unclean fuel was associated with neonatal [1.5 95% confidence interval (CI) ¼ 1.3-1.7, <0.001] and maternal mortality (1.8, 95% CI ¼ 1.2-2.5, 0.001). Poor sanitation and BPL family were associated with maternal mortality. Households covered under any insurance scheme had 20% less risk of neonatal or post-neonatal mortality (Table 4) .
D I S C U S S I O N
The key findings of the study are (i) around 73% of neonatal deaths occurred in the first week of life, 70% of post-neonatal deaths were at home and 66% of mothers died in a health facility; (ii) birth injuries, acute respiratory infection and excessive bleeding are the common defined causes of neonatal, postneonatal and maternal death, respectively; (iii) a substantial proportion of deaths had no defined cause; (iv) religion, residing in a kachha house, BPL family, caste and poor sanitation are factors associated with neonatal and post-neonatal mortality, and use of unclean fuel was associated with neonatal (1.5, 95% CI ¼ 1.3-1.7, <0.001) and maternal mortality (1.8, 95% CI ¼ 1.2-2.5, 0.001).
The findings of this study have key implications for health planning and resource allocation. A significant proportion of neonatal deaths occur by the first week of life. Yet, this is the most neglected period of care. This suggests the need for greater coverage of peripartum interventions, especially early postnatal healthcare. Postnatal care will aid in prevention, early diagnosis and treatment of complications of both mother and infant along with timely referral when necessary. Along with this, efforts should be directed towards promotion of health-seeking behaviour and better community-facility linkages.
A majority of the post-neonatal deaths occurred at home. Possible explanations for this include delay in identifying danger signs and seeking care and limited access to health facilities. Around half of the neonatal deaths and two-thirds of the maternal deaths took place at the health facilities, pointing at the lack of adequate routine and specialized newborn and mother care.
Nearly 14% of neonates die on the first day of life mostly as a result of birth asphyxia, birth injury and complications of preterm delivery. Previous estimates of death on the first day of life range from 25 to 45% [8] . These data highlight the need to promote institutional delivery, improve access to quality emergency obstetric and neonatal care and equip birth attendants to identify and manage birth asphyxia and complications of preterm delivery. The top three causes of neonatal deaths are similar to those reported in other mortality surveys in India [5, 9] .
Haemorrhage is the most common cause of maternal death, as reported in another large nationally representative survey [10] . However, the present study has reported pregnancy-induced hypertension as the second most common cause of maternal deaths, unlike other studies [10] .
A review of evidence shows that perinatal mortality and neonatal mortality are affected by proximal factors that influence maternal health, such as socioeconomic deprivation, household characteristics, gender bias, illiteracy, etc. It is important to address these factors to improve maternal and neonatal health in developing countries [11, 12] . The present study also revealed that various socio-economic and household characteristics are associated with mortality.
The present study demonstrated an association between type of cooking fuel and neonatal and maternal mortality, which is supported by few other studies that have linked indoor air pollutants with increased infant and perinatal mortality and other adverse birth outcomes, although there is limited evidence in literature about its association with maternal mortality [13] [14] [15] [16] [17] [18] . Thus, use of clean fuels should be promoted through crucial policy changes such as incentivization or subsidization [16] .
This study also reported an association of source of drinking water and sanitation (availability and type of toilet facilities) with neonatal, post-neonatal and maternal mortality similar to other studies, although its association with maternal mortality has little precedence in literature [19] . It is well known that access to safe water, adequate sanitation and proper hygiene education can reduce illness and death from disease, leading to improved health [20] . Acknowledging this, the Government of India launched the Swachh Bharat Mission (Clean India Mission) in 2014, which aims at eradicating open defecation by 2019 by promoting construction of household toilets and creating general awareness about keeping the surroundings clean and adopting hygienic practices. As of now, >25 million toilets have been constructed and 1.09 million villages have been declared open defecation-free under this mission [21] . This mission is critical to breaking the cycle of disease transmission through better sanitation and hygiene.
The study showed that infants born to Muslim women were more likely to die. The probable reason could be the cultural beliefs, lifestyles and practices (early marriage and less autonomy) leading to self- care, home remedies and consultation with traditional healers, thus resulting in delays in treatmentseeking [19, 22, 23] . India launched the RMNCH þ A approach in 2013, which seeks to address the major causes of mortality among women and children as well as the delays in accessing and using healthcare and services. This approach is based on the principles of 'continuum of care' to ensure equal focus on various life stages. The Reproductive, Maternal, Newborn, Child and Adolescent Health (RMNCH þ A) directs the states to focus their efforts on the most vulnerable population and disadvantaged groups in poor-performing districts of the country. It focuses on linking home and community-based services to facility-based services [24] . Many initiatives have been launched that seek to address the social determinants of health and disease. Some of the examples are Janani Shishu Suraksha Karyakram, home-based newborn care, Rashtriya Bal Swasthya Karyakram, micronutrient supplementation, maternal and infant death review, Mother and Child Tracking System, strengthened emergency obstetric and neonatal care at First Referral Units [25] . The India Newborn Action Plan was launched in 2014, aiming at single-digit neonatal mortality rate by 2030 [26] .
The present study had some limitations. Nearly 39% of neonatal deaths and 50% of postneonatal and maternal deaths were classified as others, which include either ill-defined causes or non-ascertainment of cause of death, which limits the interpretation of results in terms of the common causes of death. Greater emphasis is required for improving the quality of cause of death ascertainment and reducing the large numbers of deaths that are assigned ill-defined causes [3] . Use of a standardized verbal autopsy tool and an automated cause-of-death algorithm and proper administration of the tool through training and close supervision could be tried to ascertain the cause of death [27] . Ill-defined causes of death certification have been observed in earlier studies as well [3, 28] . Another limitation is that the cause of death was based on the response of the respondents to the question 'what was the main symptom leading to death' without the use of a validated verbal autopsy tool. The study also did not take into account the maternal and newborn characteristics that might be associated with mortality. The strengths of the study are that it is a populationbased, large, nationwide study, representative of the general population and followed a robust sampling methodology.
C O N C L U S I O N In spite of various efforts, a substantial burden of infant and maternal mortality still exists. A high proportion of avoidable deaths still occur at home and within health facilities. These findings indicate the need for specialized newborn care, emergency obstetric care, efficient ambulance transport system, promoting health-seeking behaviour, better knowledge of danger signs and strengthening communityfacility linkages. A standardized accurate verbal autopsy tool and proper administration of the tool are required to accurately ascertain the cause of death and reduce the number of deaths that are assigned an ill-defined cause.
